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© Drive control apparatus of series hybrid vehicle. 



© A hybrid series vehicle includes an engine 
(10), a generator (12), a battery (26) and a motor 
(14). The generator (12) is activated by electricity 
from the engine (10) so as to drive the motor (14). 
The battery (26) is charged by the electricity from 
th generator, being discharged so as to provide a 
voltage to the motor (14). In other words, the motor 
(14) is also activated by discharging electricity from 
the battery (26). There are three modes for activating 
the motor (14), i.e. a mode for activating the motor 
(1 4) only by the battery (26), a mode for activating it 
only by the generator (1 2), and a mode for activating 
it both by the battery (26) and the generator (12). 
Th motor activating modes will be selected de- 
pending upon a required motor output. An output 
voltage of the generator (12) is determined so as to 
derive the required output according to the selected 
mode. The generator (12) is of a type which can 
output a voltage according to a field current. The 
field current of the generator (12) is controlled so as 
to obtain the required output voltage. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a drive control ap- 
paratus for a series hybrid vehicle (called "SHV" 
hereinafter), and more particularly to a drive control 
apparatus for controlling a motor to be installed in 
the SHV. 

Description of the Related Art 

A variety of hybrid vehicles (called "HV" 
hereinafter) having an engine and a driving motor 
as driving apparatuses have been proposed up to 
now. The HVs are roughly classified into parallel 
hybrid vehicles (PHVs) and SHVs. Usually, the 
SHV has a configuration as shown in Fig. 15. 

In Fig. 15, the SHV includes an engine 10, a 
generator 12 and a motor 14. The generator 12 is a 
d.c. generator to be rotatably driven by the engine 
10. The engine 10 and the generator 12 are me- 
chanically connected via a speed increasing unit 
16. The speed increasing unit 16 increases the 
number of rotations of the engine 10 so as to be 
compatible with the generator 12. 

The generator 12 supplies its output to the 
motor 14 via an invertor 18, which converts the 
received output into 3 -phase a.c. electricity, and 
provides it to the motor 1 4. The motor 1 4 is a 3 - 
phase a.c. motor, of which mechanical output is 
transmitted to wheels 24 via a differential gear 22 
and so on. 

The invertor 18 also receives d.c. electricity 
from a main battery 26. In other words, the motor 
14 can be selectively driven by the electricity ei- 
ther from the generator 12 or the battery 26. For 
instance, when the engine 10 is inoperative, the 
generator 12 cannot supply the electricity to the 
motor 1 4, so that the motor is driven by the elec - 
tricity solely from the main battery 26. Since the 
main battery 26 is a chargeable and dischargeable 
type, it can be charged by a regenerated power 
from the motor 14, a charger (not shown), or the 
like. The main battery 26 can supply the electricity 
to electric appliances mounted on the vehicle via 
an auxiliary battery. 

The engine 10, generator 12, invertor 18 and 
other units are controlled by an electronic control 
unit ECU 28. Specifically, the ECU 28 controls the 
operation of components of the vehicle such as 
fuel injection into the engine 10, excitation of the 
generator 12, and the switching of transistors in the 
invertor 18 using a pulse width modulation (PWM) 
signal. For instanc , the ECU 28 receives a signal 
indicating the extent of a driver's stepping on an 
accelerator or brake pedal. Based on the signal, 
th ECU 28 controls a speed of the engine 10 and 
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an excitation voltage of the generator 12, providing 
the invertor 18 with the PWM signal, and control- 
ling the vector of a primary current of the motor 1 4. 

With the foregoing SHV, the motor 14 is se- 
5 lectively driven by the electricity either from the 
generator 12 or the main battery 26. 

Selection of either the generator 1 2 or the main 
battery 26, or use of both of these power sources 
depends upon the acceleration performance or 
10 other factors of the vehicle so as to satisfy the 
desired specification. For instance, it is preferable 
to set up a power supplying plan in which only the 
generator 12 is used to supply an output in a given 
range. 

is Up to now, PHVs in which either an engine or a 

battery, or the engine and battery is selectively 
used as a drive source are known (refer to Japa- 
nese Patent Publications Sho 62-27603 and Sho 
62-27604). By using the techniques disclosed in 

20 these references, it is possible to control the sup - 
ply of power for the SHV. 

With the prior art, selection of the drive sour- 
ces is mechanically performed, which causes un - 
desirable shocks at the time of selection. 

25 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 
overcome the foregoing problems of conventional 

30 control apparatuses, and to provide a drive control 
apparatus for an SHV which can control power 
allotment for the engine and battery without me- 
chanical switching therebetween. 

To accomplish the foregoing object, there is 

35 provided a drive control system comprising: a) a 
means for selecting a mode to activate a motor 
solely by a battery, a mode to activate the motor 
solely by a generator, or a mode to activate the 
motor by the generator and the battery according 

40 to a required motor output; b) a means for deter - 
mining an output voltage of the generator accord - 
ing to the selected motor activating mode so as to 
obtain the required motor output; and c) a means 
for controlling a field current of the generator so as 

45 to obtain the determined output voltage. In this 
case, it is preferable to monitor the output voltage 
of the generator, an output current of the battery, 
and a speed of the engine or an output current of 
the generator. 

so In the foregoing arrangement, a mode for ac - 

tivating the motor is first of all determined. There 
are three modes for activating the motor, i.e. the 
mode for activating the motor solely by the battery, 
the mode for activating it solely by the generator, 

55 and the mode for activating it both by the battery 
and the generator. One of the modes which can 
accomplish the required motor output will be s - 
lected. Thereafter, an output voltag of the gener - 
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ator will be determined so as to obtain the required 
motor output under the selected motor activating 
mode. 

Furthermore, a field current of the generator is 
controlled so as to obtain the determined output 
voltage of the generator. The output voltage of the 
generator, the output current of the battery, and the 
engine speed or the output current of the generator 
are monitored for effective control of the field cur - 
rent. 

According to the invention, to supply the power 
to the motor, the generator and the battery are 
switched by control of the field current of the 
generator without causing any mechanical shocks 
between them. 

The drive control system can also include a 
means for interrupting the field current of the gen - 
erator when the output voltage of the generator 
xceeds a preset value. This arrangement prevents 
the boost of a voltage to be supplied from the 
generator due to disconnection of a battery termi - 
nal. The interruption of the field current attracts the 
driver's attention, so that the driver can proceed 
with emergency controlling of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a drive control 
apparatus according to a first embodiment of 
this invention; 

Fig. 2 shows an output characteristic of an en - 
gine used in the apparatus of Fig. 1; 
Figs. 3A and 3B show output characteristics of a 
generator used in the apparatus of Fig. 1. Spe- 
cifically, Fig. 3A shows a relationship between 
electrical power and an engine speed, and Fig. 
3B shows a relationship between a voltage and 
the engine speed; 

Fig. 4 is a map for determining regions in which 
a motor receives electricity from a battery, an 
engine, or a combination of the battery and the 
engine; 

Fig. 5 shows a fuel consumption rate of the 
engine in the embodiment of Fig. 1 ; 
Fig. 6 shows charging and discharging effi- 
ciency of the battery; 

Fig. 7 shows one example of travelling modes 
so as to determine a maximum engine output; 
Fig. 8 shows results of simulated travelling 
modes shown in Fig. 7; 

Fig. 9 is a flowchart showing the operation of the 
apparatus of Fig. 1 ; 

Rg. 10 is a map to be used for determining a 
torque command; 

Fig. 1 1 is a graph showing battery characters - 
tics; 

Rg. 12 is a block diagram showing a drive 
control apparatus according to a second em - 
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bodiment of the invention; 

Fig. 13 is a flowchart showing the operation of a 

drive control apparatus according to a third 

embodiment; 

5 Fig. 14 shows a problem to be solved by the 

apparatus according to the embodiment shown 
in Fig. 13; and 

Rg. 15 is a block diagram showing a typical 
SHV. 

10 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of this invention will now be de - 
76 scribed with reference to the accompanying draw - 
ings. 

Fig. 1 shows a drive control apparatus, for an 
SHV, according to a first embodiment of the in- 
vention. The SHV includes drive means (engine 10, 

20 generator 12, motor 14, and so on) which are 
similar to those of the apparatus shown in Fig. 15. 
Therefore, parts similar to those of Fig. 15 are 
designated by like reference numerals, and rep- 
etition of description is omitted. 

25 The engine 10 operates on the WOT (wide 

open throttle) principle. The "WOT" means that the 
output of the engine 10 is controlled by adjusting 
the amount of fuel to be supplied thereto while a 
throttle is fully open, so that the engine 10 can 

30 operate with high efficiency. The engine 10 in this 
embodiment is of a high efficiency type. Specifi - 
cally, the engine 10 has a characteristic that its 
output P(kW) and speed N (rpm) is in the ratio of 
one to one within a given output range and a given 

35 speed range, as shown in Fig. 2. 

The generator 12 is of a high efficiency type, 
and is rotatably driven by the engine 10 via a 
speed increasing unit 16. The generator 12 varies 
its output P(kW) with the engine speed N (rpm) as 

40 shown in Fig. 3A, and has its output voltage (V) 
controlled by a field current (an excitation cur- 
rent). Furthermore, the output voltage of the gen - 
erator 12 is variable not only with the engine speed 
N (rpm) but also with the field current as a param - 

45 eter (refer to the hatched portion in Fig. 3B). 

The motor 14 is an a.c. motor so as to have a 
long life, reliable rotation and fail-safe perfor- 
mance, and so forth. The motor 14 is activated by 
the invertor 18. 

so In this embodiment, the drive control apparatus 

includes an ECU 29 to control the various compo- 
nents. The ECU 29 receives signals indicating the 
extent of stepping on an accelerator pedal and a 
brake pedal. In response to this signal, the ECU 29 

55 controls the amount of fuel injection into the engine 
10, the excitation current of the generator 12, and a 
primary current of the motor 14 (i.e. the PWM 
operation of the invertor 18). 

3 
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The drive control apparatus also includes a 
current sensor 30 for detecting the output current 
of the main battery 26, a voltage sensor 32 for 
detecting voltages to be input to the invertor 18 
from the generator 12 and the main battery 26, and 5 
another current sensor 34 for detecting the output 
current of the generator 12. All of the detected 
values are input to the ECU 29. In operation, the 
ECU 29 features that the ECU 29 controls drive 
modes of the motor 14 according to the motor 10 
output supplying map. This map is determined 
based on the required acceleration performance of 
the vehicle, and characteristics and efficiency of 
various components of the apparatus. For example, 
th ECU 29 switches between a mode to drive the 75 
motor 14 with the output only from the main battery 
26 and a mode to drive the motor 14 with outputs 
from both the engine 10 and the generator 12. The 
ECU 29 carries out this process according to the 
values detected by the sensors 30, 32 and 34, 20 
thereby controlling the field current of the generator 
12. 

Fig. 4 shows the map for determining in which 
region the motor receives electricity from the bat - 
tery, the engine, or combination of the battery and 25 
the engine. The map has three regions A to C. In 
the region A, the motor 14 is operated only by the 
main battery 26. In the region B, the motor 14 is 
operated only by the engine 10, and in the region 
C, it is operated by both the engine 10 and the 30 
main battery 26. This map is determined to satisfy 
the required acceleration performance and other 
factors when designing the drive control apparatus. 

Specifically, the region B is determined con- 
sidering a high efficiency region or range of the 35 
engine 10. As described above, the engine 10 has 
a limited output range, which represents that the 
engine can operate efficiently within the limited 
output range. In other words, when the output of 
the engine 10 is within a given range, e.g. 60% to 40 
100%, of its maximum output Pemax, the engine 
10 can operate with a low fuel consumption as 
shown in Fig.5. 

The main battery 26 is charged by the output 
of the generator 12. Assume that electrical power 45 
E G is supplied to the invertor 18 from the generator 
12, and that electrical power E B is supplied to the 
invertor 18 from the main battery 26. As shown in 
Fig. 6, the electrical power E G depends upon the 
conversion efficiency of the generator 12 (ratio of a so 
mechanical input to an output electrical power of 
the generator 12). On the other hand, the electrical 
power E G depends upon not only the conversion 
efficiency of the generator 1 2 but also the charge - 
and -discharge efficiency of the main battery 26. 55 
For instance, the conversion efficiency of the gen - 
erator 12 is 85% and the charge - and - discharge 
efficiency of th main batt ry is 80%. Therefore, 
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influence of the charge -to -discharge rate of the 
main battery 26 on the electrical power Eq cannot 
be ignored when designing the map used for sup - 
plying the electricity to the invertor 18. In other 
words, the electrical power E G can be supplied to 
the invertor 18 with a low loss compared with the 
electrical power E G . 

In view of electricity supply, it is preferable to 
use only the engine 10 to drive the motor 14 in the 
region between 0.6 Pemax and Pemax where the 
engine 10 is operated with a low fuel consumption 
and not to use the main mattery 26. If the battery 
26 were used for supplying electricity in the region 
between 0.6 Pemax and Pemax, the battery 26 
would need to have a large capacity. The larger 
capacity the battery 26 has, the more bulky and 
heavier it becomes when installed in a vehicle. 
Therefore, the motor should be operated only by 
the engine 10 in the region B of 0.6 Pemax to 
Pemax so as to assure efficient and reliable op- 
eration and reduction in the size and weight of the 
vehicle. In the region of less than 0.6 Pemax, i.e. 
region A, the motor 14 is activated only by the 
main battery 26 since it is difficult to operate the 
engine 10 with a low fuel consumption and low 
emission. In the region of more than Pemax, Le 
region C, the motor 14 is activated both by the 
main battery 26 and the engine 10 which is op- 
erable with the low fuel consumption and low 
emission. 

To establish these regions, it is necessary to 
determine the maximum output Pemax of the en - 
gine 1 0. For this purpose, a certain travelling mode 
(e.g. a travelling mode LA4 shown in Fig. 7) is 
simulated to determine an engine operating con - 
dition. By this simulation, variations of the power 
E G from the generator 12 to the invertor 18 and 
variations of the power E G from the main battery 26 
to the invertor 18 are obtained by varying the 
maximum output Pemax of the engine 10. 

Fig. 8 is a graph showing the variations of the 
power E G and E G derived from the simulation. As 
can be seen from Fig. 8, the power E G is maximum 
and the power E B is minimum at an engine output 
value Px when the variation of the maximum output 
Pemax of the engine 10 is varied. Since the power 
E B from the main battery 26 depends upon the 
charge - and - discharge efficiency thereof and it is 
preferable to make the main battery with a smaller 
capacity, the maximum output Pemax is preferably 
Px as shown in Fig. 4. 

In this embodiment, the ECU 29 performs the 
field control of the generator 1 2 so as to select the 
output regions according to the map. Fig. 9 is a 
flowchart showing this control. 

As shown in Fig. 9, the ECU 29 first deter- 
mines a torque command value (step 100). The 
torque command value is determined based on the 
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extent of stepping on the accelerator pedal, and the 
speed of the engine 10 detected by the speed 
sensor 31. Specifically, the torque command value 
is determined according to the map in Fig. 10. 
Then, according to a determined torque command 
value, the ECU 29 provides a PVVM ^signal to the 
invertor 18 so as to control an output torque of the 
motor 14. 

The a.c. motor 14 has the output torque in 
proportion to the mechanical output thereof. 
Therefore, the determination of the torque com - 
mand value in the step 100 corresponds to the 
determination of the output P(kW) to be instructed 
to the motor 14. Thereafter, the ECU 29 compares 
the output P to be instructed to the motor 14 with 
Pmax and Pmin (step 102). 

In this comparison, Pmax corresponds to the 
foregoing Pemax and Pmin to the foregoing 0.6 
Pemax. In other words, the ECU 29 checks to 
which region (A, B or C) the required output P 
belongs (step 102). 

When the output P is found to be in the region 
A, the ECU 29 firstly stops or idles the engine 10 
(step 104). Secondly, the ECU 29 determines the 
value of a voltage to be supplied to the invertor 18, 
i.e. an output voltage value of the main battery 26, 
according to the map of Fig. 11 (step 106). The 
map of Fig. 11 shows a relationship between the 
output current l(A) of the battery and the output 
voltage V (V). State of charge (SOC) of the main 
battery 26 is used as a parameter. The ECU 29 
determines the value of the output voltage of the 
main battery 26 so as to obtain the output P to be 
supplied to the motor 14. 

When the desired output P is found to be in 
the range B, the ECU 29 designates the required 
output P to the engine 10 (step 108). As described 
above, the engine 10 is activated based on the 
WOT in which the engine speed N and the output 
P correspond to each other on a one-to-one 
basis (refer to Fig. 2). Therefore, the engine speed 
N can be controlled by the amount of the fuel to be 
injected. In step 108, the output P is actually des- 
ignated in terms of the amount of fuel to be in- 
jected into the engine 1 0. Specifically, the ECU 29 
determines the output voltage V according to the 
map of Fig. 11 so as to nullify the output current I 
from the main battery 26 (step 110). 

When the desired output P is in the region C, 
the ECU 29 designates Pmax to the engine 10 
(step 112). Pmax is designated by controlling the 
amount of fuel injection as in the step 108. Since 
the required output P exceeds Pmax in the region 
C, the amount of shortage P-Pmax should be 
made up for by an output from the main battery 26. 
In the succeeding step 114, the ECU 29 deter- 
mines an output voltage V of the main battery 26 
so as to obtain an output current I corresponding to 
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the shortage P - Pmax based on an ISO power line 
(discharge) related to the necessary power P- 
Pmax. 

After determination of the output voltage V in 

5 step 106, 110 or 114, the ECU 29 starts to control 
the field current of the generator 12 so as to derive 
the determined voltage V (step 116). 

Since the engine 10 is inoperative or idling in 
the region A, the field current corresponding to the 

10 voltage V is outside the hatched portion shown in 
Fig. 3B, which means that no output is available 
from the generator 12. Thus, only the main battery 
26 supplies the electricity to the invertor 18. 

In the region B, the ECU 29 controls the field 

75 current so that the voltage detected by the sensor 
32 becomes equal to the voltage V determined in 
step 110. For this purpose, the sensor 34 monitors 
the output current from the generator 12 so as to 
obtain the desired power, and the sensor 30 mon - 

20 itors the current I of the main battery 26 so as to 
make the current I zero. Thus, no current I is 
supplied from the main battery 26, so that the 
motor 14 is activated only by the output from the 
generator 12. 

25 With the region C, the ECU 29 controls the 

field current so that the voltage detected by the 
sensor 32 becomes equal to the voltage V deter - 
mined in step 114. For this purpose, the sensor 34 
monitors the output current from the generator so 

30 as to derive the maximum output Pemax, and the 
sensor 30 monitors the current I from the main 
battery 26 so as to obtain the necessary power 
from both the generator 12 and the main battery 
26. Under this condition, the generator 12 produces 

35 the maximum output, activating the motor 14 in 
cooperation with the main battery 26. 

In this embodiment, the electricity to activate 
the motor 14 can be selectively obtained from the 
generator 12 driven by the engine 10, the main 

40 battery 26 or both the generator 12 and the engine 
10, so that the motor vehicle can be efficiently 
operated by considering the efficiency of the en- 
gine 10 and the charge -and -discharge efficiency 
of the main battery 26. Selective use of the fore - 

45 going drive sources can be performed by control - 
ling the field current of the generator 12, so that 
the drive sources can be switched very smoothly 
without shocks. 

Fig. 12 shows the configuration of a drive 

so control apparatus according to a second embodi - 
ment of the invention. In Fig. 12, parts or elements 
similar to those of the first embodiments are des- 
ignated by like reference numerals. In this em- 
bodiment, an engine speed sensor 36 is used to 

55 detect a speed of the engine 10 in place of the 
sensor 34 for detecting the output current of the 
generator 12. As shown in Fig. 2, the engine 10 
has its output and speed corresponding to each 

5 



9 



EP 0 543 390 A1 



10 



other on a one - to - one basis, so that this con - 
figuration is as effective as that of the first em - 
bodiment 

With the configuration in Fig. 1 or in Fig. 2, 
charge and discharge of the battery 26 can be 
controlled without the use of a contactor or a 
snubber circuit, so that it is possible to prevent an 
abnormal boost of the voltage caused by malfunc - 
tion of the generator 12. This function will be ex- 
plain d with reference to Fig. 1 . 

In operation, to charge the main battery 26 by 
supplying the power B (kW), the ECU 29 makes 
the sensors 32 and 30 detect the voltage V at an 
output end of the generator 12, and the output 
current I of the main battery 26, respectively. The 
ECU 29 controls the voltage V so as to make the 
power B equal to VI (B = VI). In other words, the 
ECU 29 controls not only the amount of fuel to be 
injected into the engine 10 so as to control the 
output of the engine 10, but also performs field 
control of the generator 12. The ECU 29 controls 
the voltage V to obtain B = VI and the output 
current of the generator 1 2 to be (A + B)/V, where 
A (kW) represents power required by the invertor 
18 (motor 14). For this control, the output current of 
the generator 12 is monitored by the sensor 34, 
and fed back. For this control, an ISO power line 
(charge) shown in Fig. 1 1 is used. 

To discharge the main battery 26, the ECU 29 
detects the voltage V and the current I by using the 
sensors 32 and 30, and controls the output voltage 
V of the generator 12 by the field control so as to 
obtain VI = A - B. In this control, the output 
current of the generator 12 is also monitored. 

When the main battery 26 is neither charged 
nor discharged, the output voltage V is controlled 
so as to make I = 0 as in the region B. 

As described so far, the configuration accord - 
ing to this invention enables the battery to be 
charged or discharged without contacting members 
such as contactors, snubbers and so on. 

Fig. 13 is a flowchart showing the operation 
sequence of a drive control apparatus according to 
a third embodiment of the invention. The configu - 
ration of this embodiment is identical to that of the 
first embodiment. The drive source for activating 
the motor is selected as in the first embodiment. 
This embodiment features that a boost of the volt- 
age V due to disconnection of a terminal can be 
prevented. 

In the configuration of Fig. 1, when the terminal 
of the main battery 26 is disconnected, the voltage 
to be applied to the invertor 18 is boosted due to 
an internal inductance of the generator 12. To 
prevent this phenomenon, the sensor 32 detects 
the voltage V; so that the ECU 29 judges whether 
or not the detected voltage exceeds a preset 
threshold value Vth (step 200). 
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If the voltage does not exceed the threshold 
value Vth, the ECU 29 recognizes that there is no 
abnormality such as the terminal disconnection, 
and advances to step 202, where it is checked 
5 whether or not the voltage V is 0. When the voltage 
V is 0, the ECU 29 stops controlling the invertor 
(step 204). Otherwise, the ECU 29 returns to step 
200. 

In step 200, when the voltage V is more than 
10 Vth, it is considered that the terminal of the main 
battery 26 might be disconnected. Therefore, the 
ECU 28 cuts off the field current from the generator 
12 so as to interrupt generation of the electricity 
(step 206). 

15 However, since some energy remains in the 

generator 12 immediately after the interruption of 
the field current, the generator 1 2 keeps on gen - 
erating electricity. To prevent the voltage V from 
being boosted by this electricity, the invertor 18 is 

20 controlled to power the motor 14 (step 208). 
Thereafter, the residual energy in the generator 12 
is reset, thereby preventing a boost of the voltage 
by the residual energy. The residual energy is not 
so large that it is reset by powering the motor 14 in 

25 step 206. Thus, no large shock will be caused 
during regeneration or when the vehicle stops 
travelling. No large torque will be caused either. 
Thereafter, the ECU 28 advances to step 202. 

According to this embodiment, it is possible to 

30 prevent the voltage boost due to the disconnected 
terminal of the main battery 26, and malfunction of 
the invertor 18. The driver can recognize an ab- 
normality according to the interruption of the motor 
14, and can proceed with emergency controlling 

35 the vehicle against the abnormality. This process is 
not shown. Thereafter, the driver can bring the 
vehicle to a repair shop while using the normal 
components. 

With this invention, the motor is selectively 

40 activated by the generator, battery, or combination 
of the generator and battery by controlling the field 
current of the generator, so that the selection of the 
drive source can be carried out very smoothly 
without mechanical shocks. Furthermore, it is pos - 

45 sible to prevent the boost of voltage caused by the 
disconnected terminal of the battery since the field 
current is interrupted in response to the detected 
results of voltage. Thus, the drive can take reme - 
dial measures according to the interruption of the 

so motor. 

A hybrid series vehicle includes an engine 
(10), a generator (12), a battery (26) and a motor 
(14). The generator (12) is activated by electricity 
from the engine (10) so as to drive the motor 
55 (14). The battery (26) is charged by the electricity 
from the generator, being discharged so as to 
provide a voltage to the motor (14). In other words, 
the motor (14) is also activated by discharging 

6 
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electricity from the battery (26). There are three 
modes for activating the motor (14), i.e. a mode for 
activating the motor (14) only by the battery (26), a 
mode for activating it only by. the generator (12), 
and a mode for activating it both by the battery 
(26) and the generator (12). The motor activating 
modes will be selected depending upon a required 
motor output. An output voltage of the generator 
(12) is determined so as to derive the required 
output according to the selected mode. The gen - 
erator (1 2) is of a type which can output a voltage 
according to a field current. The field current of the 
generator (12) is controlled so as to obtain the 
required output voltage. 

Claims 

1. For use with a series hybrid vehicle having an 
engine (10), a generator (12) to be activated by 
an output of said engine (10) so as to generate 
a voltage according to a field current, a battery 
(26) to be charged by an output voltage of said 
generator (12) and to be discharged so as to 
supply a voltage to a motor (14), and the motor 
(1 4) to be activated by the output voltage from 
said generator (12) and/or the voltage supplied 
from said battery (26), a drive control appara - 
tus (29) performing: 

selecting a mode to activate said motor 
(14) solely by said battery (26), a mode to 
activate said motor (14) solely by said gener- 
ator (12), or a mode to activate said motor 
(14) by said generator (12) and said battery 
(26) according to a required motor output; 

determining an output voltage of said 
generator (12) according to the selected motor 
activating mode so as to obtain the required 
motor output; and 

controlling a field current of said generator 
(12) so as to obtain the determined output 
voltage. 

2. A drive control apparatus (29) according to 
claim 1 controls a field current of said gener - 
ator (12) based on detected values of an out- 
put voltage of said generator (12), outout cur- 
rent of said battery (26), and engine speed of 
said engine (10) so as to obtain the deter- 
mined output voltage by using a means (32) 
for detecting the output voltage of said gener - 
ator (12), a means (30) for detecting an output 
current of said battery (26), and a means (36) 
for detecting an engine speed. 

a A drive control apparatus (29) according to 
claim 1 controls the field current of said gen - 
erator (12) based on the detected values of the 
output voltage and the output current of said 



generator (12), and the output current of said 
battery (26) so as to obtain the determined 
output voltage by using a means (32) for de - 
tecting an output voltage of said generator 
5 (12), a means (30) for detecting an output 

current of said battery (26) and a means (34) 
for detecting an output current of said gener - 
ator (12). 

io 4. A drive control apparatus (29) according to 

claim 1 controls the amount of fuel to be 

injected into said engine; 

wherein said engine (1 0) has its speed and 

output corresponding to each other on a one - 
75 to -one basis within a preset engine speed 

range, and has its speed controlled by the 

amount of fuel injection. 

5. A drive control apparatus (29) according to 
20 claim 1 determines a mode for activating said 

motor (14) with reference to an output sup- 
plying map which shows a correspondence 
between required motor outputs and motor 
activating modes. 

25 

6. A drive control apparatus (29) according to 
claim 5 controls the amount of fuel injection 
into said engine (10); 

wherein said engine (10) has its speed and 
30 output corresponding to each other on a one - 

to -one basis within a preset engine speed 
range and has high efficiency, and has its 
speed controlled by the amount of fuel injec - 
tion; and 

35 wherein said output supplying map speci - 

fies a region which corresponds to the mode 
for activating said motor (14) solely by said 
generator (14) so as to obtain the required 
output within the preset engine speed range, a 

40 region which corresponds to the mode for ac - 

tivating said motor (14) solely by said battery 
(26) so as to obtain the required output in a 
range below the present engine speed range, 
and a region which corresponds to the mode 

45 for activating said motor (14) both by said 

generator (14) and said battery (26) so as to 
obtain the required output in a range above the 
present engine speed range. 

so 7. A drive control apparatus (29) according to 
claim 6, wherein said present engine speed 
range is plotted based on a simulated travel - 
ling condition of the vehicle. 

55 8. A drive control apparatus (29) according to 
claim 1, wherein said motor (14) is an a.c. 
motor to be activated by a.c. voltage, and 
wherein the hybrid vehicle includes an invertor 
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(18) for converting an output voltage of said 
generator (14) and/or a voltage supplied from 
said battery (26) into an a.c. voltage. 

9. A drive control apparatus (29) according to 5 
claim 8 determines a command value accord - 

ing to an extent of driver's request, and con - 
trols said invertor (18) according to the deter- 
mined command value so as to select a motor 
activating mode by using the determined 10 
command value as the required motor output. 

10. A drive control apparatus (29) according to 
claim 1 uses a means (32) for detecting an 
output voltage of said generator (12), a means 75 
(30) for detecting an output current of said 
battery (26), and a means for controlling 
charging of said battery (26) by controlling the 

field current of said generator (12) so as to 

xecute charge control of said battery (26) so 20 
that a product of the detected output voltage of 
said generator (12) and the detected output 
current of said battery (26) is equal to a sum of 
power to be supplied to said motor (14) and 
target charging power, and discharge control of 25 
said battery (26) is executed so that a product 
of the detected output voltage of said gener - 
ator (12) and the detected output current of 
said battery (26) is equal to a difference be- 
tween the power to be supplied to said motor 30 
(14) and the target discharging power. 

11. A drive control apparatus (29) according to 
claim 10 controls charging and discharging of 

said battery (26) according the detected output 35 
current value of said generator (12) by using a 
means (34) for detecting an output current of 
said generator (12). 

12. A drive control apparatus (29) according to 40 
claim 1 detects an output voltage of said gen - 
erator (12) by using a means (32) for detecting 

an output voltage of said generator (12) and 
interrupts the field current of said generator 
(12) when the output voltage of said generator 45 
(12) is equal to or larger than a preset value. 

13. A drive control apparatus (29) according to 
claim 12 resets energy remaining in said 
generator (12) after the interruption of said field 50 
current in said generator (1 2). 

14. A drive control apparatus (29) according to 
claim 13 resets the residual energy in said 
generator (12) by powering said motor (14) so 55 
that said motor (14) consumes the residual 
energy. 



15. A drive control apparatus according to claim 
14, wherein said motor (14) is activated by a.c. 
power, the series hybrid vehicle includes an 
invertor (1 8) for converting an output voltage of 
said generator (12) and/or a voltage supplied 
from said battery (26) into an a.c. voltage 
which is supplied to said motor (14), and 
wherein said drive control means (29) controls 
the conversion operating of said invertor (18) 
so as to power said motor (14). 
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